The main aim of the early treatment of polytrauma is recovery of patient's physiological functions. The early achievement of therapeutic goals, mainly adequate tissue perfusion and repayment of oxygen debt, are postulated. The aim of the study was to confi rm whether blood lactate level as a quantifi er of oxygen defi cit, as well as normalization of blood lactate level within the fi rst 24 hours, have an impact on the mortality and morbidity of seriously injured patients. Methods: Sixty-nine mechanically ventilated patients with a severe trauma and organ dysfunction defi ned according to SOFA score and ISS >17, age >15 years, were enrolled into this retrospective study. 8 patients died within fi rst 24 hours, 8 patients did not reach serum lactate level above 2 mmol/l on admission to hospital. The hypothesis that normalization of serum lactate level within 24 hours is related to lower mortality and morbidity, was assessed. Reduced mortality and morbidity were represented by lower severity of multi-organ dysfunction, the highest SOFA score during hospitalization, lower incidence of sepsis, number of days in ICU and artifi cial ventilation.
Polytrauma patients have common systemic pathophysiological consequences. Hypoperfusion leads to shock with dysfunction of macro and microcirculation. The presence of oxygen debt results in an infl ammatory cascade that can lead to multiorgan dysfunction. From this point of view, rapid identifi cation and restoration of oxygen debt are key end-points of severe trauma treatment, which can lead to better outcome of polytrauma.
Historically, we used clinical signs to identify shock: heart rate, blood pressure, urine output, which is not adequate to asses imbalance between oxygen delivery and metabolic demands of tissue, likewise cardiac output. Occult hypoperfusion can be present also in the case of normal vital signs. In the case of tissue hypoxia, lactate levels increase. Lactate as an adaptive mechanism of intermediate metabolism allows human organism to survive oxygen debt. Hyperlactatemia but better lactate clearance correlate with mortality and MOF in different types of shock (1, 2, 3) .
The aim of our study was to asses whether lactate and its normalization in blood within fi rst 24 hours have impact on morbidity and mortality of severe trauma patients.
The management of trauma patients requires timely intervention and damage control in an attempt to achieve adequate hemodynamic parameters and systemic perfusion.
Methods
We retrospectively studied polytrauma patients at the Department of anesthesiology and intensive medicine, Faculty Hospital Nitra, who were admitted between January 1st 2008 and December 31st 2009. During this period there were 124 polytrauma patients admitted, and 69 of them fulfi lled the inclusion criteria. Patients were eligible for inclusion when ventilated, with ISS >17, SOFA score >2. The exclusion criterion was: age below 17. Eight patients died within fi rst 24 hours, 8 patients did not reach serum lactate level above 2 mmol/l on admission to hospital. A decline of serum lactate level was assessed. Lactate measurements were performed using arterial blood samples by standard colorimetric laboratory method. Serum lactate level below 2 mmol/l was considered as a repayment of oxygen debt. The hypothesis, thatnormalization of serum lactate level within 24 hours is related to lower mortality and morbidity, was assessed. Reduced mortality and morbidity were represented by lower severity of multiorgan dysfunction, the highest SOFA score during hospitalization, lower incidence of sepsis, number of days in ICU and mechanical ventilation.
We collected demographic data, blood lactate levels at admission and after 24 hours, ICU days and days of artifi cial ventilation (AV days). Each patient was calculated for Glasgow Coma Scale (GCS), Injury Severity Score (ISS) and Acute Physiology and Chronic Evaluation (APACHE) score at admission. Severity Organ Failure Assessment (SOFA) scores were calculated at admission and then every day and a maximum during staying SOFA score was recorded (Tab. 1) and characteristics of the patients are shown on surviving with early normalization of lactate within fi rst 24 hours. Multivariate analysis of covariants was done.
Results
The association between severity of multi-organ failure and normalization of lactate level <2 mmol/l in the fi rst 24 hours of polytrauma patients was confi rmed by the Mann-Whitney´s rank-sum test. The level of statistical signifi cance was p<0.05 (Tab. 3).
Signifi cant correlation between days of ICU stays and days on artifi cial ventilation was not confi rmed. Dependency of mortality and lactate normalization was confi rmed with Fisher's exact test (p=0.0022) (Tab. 4).
Hypothesis of the incidence of sepsis related to lactate normalization was not confi rmed by Fisher's exact test (p=0.34) (Tab. 5).
Multivariate signifi cant factors were age, ISS and SOFA score on patient's admission. On the contrary, serum lactate at admission, base excess and number of transfusions over the fi rst 24 hours were not multivariable signifi cant (Tab. 6).
Discussion
Though management of severe trauma during last period has changed, morbidity and mortality is still high. The mechanisms underlying morbidity and mortality in trauma patients are divided into (1) direct trauma associated alterations (e.g., organ injury, hemorrhage, and/or severe traumatic brain injury) and (2) secondary or delayed alterations, such as overwhelming infl ammatory reactions, deterioration of microcirculation, and multiple organ failure (MOF). Currently, MOF is thought to be responsible for up to 80 % of all deaths in the intensive care unit (4). Multiple organ dysfunction is known to be the leading cause of mortality in the patients survived the initial hours after trauma (5) .
The early achievement of therapeutic goals, mainly early restoration of perfusion and repayment of oxygen debt are crucial to prevent MOF, which is the main cause of morbidity and mortality not only in polytrauma, but also in other critically ill patients.
Resuscitation end-points allow the physician to rapidly identify a perturbation between oxygen delivery and consumption. End-points allow uniformity to assess the adequacy of resuscita- tion: preventing under-and over resuscitation and act as a basis to compare outcome measures in resuscitation trials.
As in other studies, we used blood lactate level as metabolic correlate of oxygen debt and stress metabolism together with effective lactate clearance as therapeutic end-point. Blood lactate levels are closely related to outcome in critically ill patient (1, 2,  3, 6, 7, 8, 9 ). We also showed that early normalization of lactate level is signifi cantly connected with lower morbidity and mortality in polytrauma.
Consistently with previous literature (10, 11), we defi ned organ dysfunction according to the SOFA score defi nitions. There are three classes of scoring systems available in the evaluation of trauma patients in the intensive care unit (ICU): those based on physiological parameters (APACHE score), Simplifi ed Acute Physiology Score, and Revised Trauma Score (RTS)], those based on defi nition of the entity and localization of trauma (ISS) , and those considering either anatomical lesions or deranged physiological parameters -Trauma Injury Severity Score (TRISS).
The main limitations of these scoring systems in evaluating critically ill patients are: some authors have emphasized that the prognostic value of the available scoring systems is strictly dependent on treatment. Two patients with a similar severity of illness might have greatly differing scores based on appropriate or inadequate resuscitation. The prognosis assessment based on scores is only applicable to a study population, not to an individual patient. The components of some scores are not easily obtained. An ideal prognostic index should be based on variables available by standard routine examinations, applicable to heterogeneous patient groups, readily and widely measurable, and not related to personal judgments or affected by the treatment. Majority of current severity scoring is based on an estimation of mortality. A treatment that does not affect mortality may still be effective: if morbidity rather than mortality is considered as the major outcome measure, the impact of intensive care on quality of life, length of stay in the ICU, costs, etc. can be evaluated. SOFA score is composed of scores from six organ systems (respiratory, cardiovascular, hepatic, coagulation, renal, and neurological) graded from 0 to 4 according to the degree of dysfunction/failure. The SOFA score can reliably describe organ dysfunction in trauma patients. Regular and repeated scoring may be helpful in identifying categories of patients at major risk of prolonged ICU stay or death.
SOFA score better correlates with physiological changes and the therapeutic response than anatomical scores. SOFA score is common for septic patients but lots of authors use it for scoring of MOF in trauma patients over time (10, 11) . SOFA score quantifi es and describes the evolution of organ dysfunction over time (12, 13) , and has been validated in trauma patients. The incidence of MOF after injury in recent studies differs between 5-25 % (10). In Ulvik study (14) half of patients had MOF. Differences in ICU admission policies and case-mix may complicate direct comparison with other studies. In addition, the application of different scoring systems for assessment of MOF makes direct comparison diffi cult. In our hospital, trauma patients without severe organ failure are usually treated outside the ICU.
To assess the degree severity of MOF we use the highest number during hospitalization in ICU. In our study signifi cant association between normalization of lactate within fi rst 24 hours and severity of MOF was confi rmed by the Mann-Whitney's ranksum test. Multivariate signifi cant factors were GCS, ISS and also SOFA score at admission. Also Antonelli showed that surviving patients had lower SOFA score at admission as patients who died (15) . The dependency of mortality onthe early normalization of blood lactate was confi rmed by Fisher's exact test.
There is a therapeutic window when hypoxic cells are able to revert to normal state without damage. This hypothesis was confi rmed also by Shoemaker (16) with supra-normal hemodynamic support, because his interventions were tight with surgical insult. Also Rivers (17) with septic patients ScvO2 changes and lactate in interval a few hours was effective in time.
We have to understand lactate as an adaptation to an anaerobic condition, but also other processes may induces high serum lactate, like stimulation of aerobic glycolysis by catecholamines in stress metabolism, which helps organism to survive (18) . But our intervention must be in the window of time while metabolic failure is not present. The time to intervention becomes relevant: early and effective treatment may allow the cell to revert to a normal state, as long as the oxygen machinery is intact. Once the mitochondria are deranged, energy failure occurs even in the presence of normoxia. The lactate increase in critically ill patients may therefore be viewed as an early marker of a potentially reversible state (19) .
Conclusion
Early normalization of blood lactate level is related to low grade of MOF and lower mortality of seriously injured patients. Targeted resuscitation strategy after severe trauma should comprise of early identifi cation of oxygen debt and use of resuscitation end point -blood lactate level to achieve better outcomes of patients.
